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Here we describe the use of the loop-mediated isothermal amplification (LAMP) method to detect human
influenza viruses (H1 to H3). Our results were correlated 100% with results deduced from routine clinical
diagnostic tests. In addition, we also developed a LAMP assay specific for human �-actin cDNA as a quality
control test.

Influenza A viruses are medically important viral pathogens
causing significant mortality, morbidity, and financial burden
throughout the world. Of 15 hemagglutinin subtypes and 9
neuraminidase subtypes, only 3 hemagglutinin (H1 to H3) and
2 NA (N1 and N2) subtypes have established stable lineages in
the human population since the last century (14). Due to the
highly contagious nature of influenza A viruses (4), the disease
could be rapidly spread in close communities. Early identifi-
cation of the virus is therefore critical for the control of the
disease. Several molecular techniques have been developed as
rapid tests for clinical diagnosis of influenza virus (1, 10).

The recent invention of loop-mediated isothermal amplifi-
cation (LAMP) provides a new alternative for molecular diag-
nosis (8). One of the major advantages of this technique is the
simplicity of the test. In addition, it has great potential for use
as a field test (2). The application of LAMP for clinical diag-
nosis was previously demonstrated by other studies (2, 6, 9, 15).
We recently reported use of this approach for detection of the
severe acute respiratory syndrome (SARS) coronavirus (11).
In this study, we explore the possibilities of using this method
for clinical diagnosis of human influenza A virus.

Nasopharyngeal aspirates collected from patients with respi-
ratory illness (n � 47) or from healthy individuals (n � 5) were
included in this study (Table 1). cDNAs were synthesized as
previously described (12). Virological diagnosis had been pre-
viously confirmed by direct immunofluorescent antibody stain-
ing or PCR. Influenza A/WSN/33 virus (H1N1) was used as a
reference virus in this study. Clinical isolates of human influ-
enza A virus were obtained from the Department of Microbi-
ology, Queen Mary Hospital, Hong Kong. Avian influenza
viruses were isolated in routine surveillance of influenza virus
in this geographical region (5).

Primers were designed on the basis of sequence information
obtained from the Influenza Sequence Database (http://www
.flu.lanl.gov). All available human H1, H2, and H3 influenza
virus sequences from the database were used in the analysis
(data not shown). In conventional PCR, a pair of primers is
required for DNA amplification. By contrast, two pairs of
primers specific for six independent binding sites are required
for LAMP (Fig. 1A and 2B). The great genetic diversity of
influenza A viruses prompted us to adopt two strategies for
developing a LAMP test for influenza A virus. First, we chose
the most conserved viral RNA segment (the M gene) as the
target gene in this study (3). Second, we used degenerate
primers to target the M gene sequence (Fig. 1A).

In the initial phase of the study, the detection limit of the
LAMP assay was first determined by using cDNA converted
from titrated influenza A/WSN/33 virus. cDNA at a concen-
tration equivalent to 5 � 103 PFU per �l was serially diluted,
and these diluted cDNA samples were subjected to the LAMP
reaction. Two microliters of cDNA was amplified in a 12.5-�l
reaction mixture containing 0.4 mM deoxynucleoside triphos-
phates, 1.6 �M (each) forward inner primer and backward
inner primer, 0.2 �M (each) F3 and B3c, 8 U of Bst DNA
polymerase (New England Biolabs), and 1� Bst polymerase
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TABLE 1. Clinical samples used in the study

Respiratory pathogena No. of clinical
samples

No. of positive
samples in LAMP

Adenovirus� 5 0
Human metapneumovirus� 5 0
Influenza A virus� 22 22
Influenza B virus� 2 0
Respiratory syncytial virus�� 5 0
SARS coronavirus�� 5 0
Rhinovirus�� 4 0
Healthy control 5 0

a �, diagnosed by using direct fluorescent-antibody assay; ��, diagnosed by
using virus-specific PCR assay.
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reaction buffer. Reactions were incubated at 60°C for 2 h,
followed by heat inactivation at 80°C for 5 min. As shown in
Fig. 1B, a positive reaction would be shown as a ladder-like
pattern in a gel electrophoresis analysis. The detection limit of
the assay was found to be 10�3 PFU per reaction (Fig. 1B,
upper panel). The identities of these amplified products were
confirmed by FspI restriction digestion analysis (Fig. 1A and
data not shown). To compare the sensitivity of the assay to that
of conventional PCR, the same batch of cDNA was amplified
by a pair of M gene-specific primers for 35 cycles (forward
primer, 5�-GACCAATCCTGTCACCTC-3�; reverse primer,
5�-GATCTCCGTTCCCATTAAGAG-3�). The detection limit
of the PCR assay was 10�2 PFU per reaction (Fig. 1B, lower
panel). These observations agreed with previous findings that

the sensitivities of LAMP assays are comparable to those of
conventional PCR methods (2, 6, 9, 11, 15).

To evaluate the specificity of the assay, both human (two
H1N1, one H2N2, and three H3N2) and avian (two H5N1, two
H6N1, and one H9N2) isolates were examined by the test.
Positive signals were observed with all of human isolates (Fig.
1C, lanes 3 to 5; also data not shown). By contrast, none of the
avian viruses was positive in the study (data not shown). In
addition, we also evaluated the test by using clinical samples.
NPA from healthy individuals and retrospective nasopharyn-
geal aspirate (NPA) specimens with known etiological agents
were tested by the assay (Table 1). Of these clinical specimens,
all virologically confirmed influenza samples were positive in
the assay (Table 1). No positive signal was observed for healthy

FIG. 1. LAMP assay for human influenza A virus. (A) Primers and representative M gene sequence used in the assay. The first and last
nucleotides of the sequence are the 369th and 609th nucleotides, respectively, of the referenced sequence used in this study (GenBank accession
number L25818). Locations of primer binding sequences are indicated by arrows. The FspI restriction sites are bolded. (B) Detection limits of
LAMP (upper panel) and PCR (lower panel) assays. Serial diluted cDNA derived from influenza A/WSN/33 was tested by these assays. The
concentrations of cDNA used in these reactions are indicated (lanes 1 to 14). (C) Detection of different human influenza A viruses. Lane 1, DNA
markers; lane 2, no template control; lane 3, H1 subtype lane 4, H2 subtype; lane 5, H3 subtype.
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individuals or for non-influenza A virus samples (Table 1).
These results highlight the potential use of degenerate primers
for LAMP. In addition, our data also demonstrated the poten-
tial application of LAMP for clinical diagnosis of human in-
fluenza viruses. Nonetheless, the reliability of this assay should
be further evaluated by large-scale investigations and by dif-
ferent types of clinical specimens.

In reverse transcription-PCR assays, to monitor the quality
of extracted RNA and the performance of various reverse
transcription-PCR procedures, housekeeping genes or exoge-
nous RNA molecules are frequently used as positive controls
(7). In this study, we also applied this concept to the LAMP

detection system. A LAMP assay specific for human �-actin
mRNA was developed for this purpose (Fig. 2A). The detec-
tion limit of the assay was 10 copies per reaction (data not
shown). The authenticity of these amplified products was fur-
ther confirmed by BseYI and MboI restriction digestion anal-
yses (Fig. 2A; also data not shown). In the absent of cDNA
synthesis, RNA samples were negative in this test (data not
shown), indicating that this �-actin assay is highly specific for
cDNA of �-actin mRNA. As shown in Fig. 2B, all clinical
specimens were positive in the �-actin assay (lanes 2 to 8; also
data not shown), demonstrating the potential use of this assay
as a quality control test.

Although the present study only concentrated on the diag-
nosis of human influenza viruses, we are currently modifying
our assays to detect highly pathogenic avian H5 influenza vi-
ruses. In an event like the recent H5N1 outbreak (5, 13), a field
test for avian H5 influenza virus would be extremely valuable
for prompt identification of affected poultry or farms. Re-
cently, by detecting the amount of magnesium pyrophosphate
precipitates generated in LAMP reactions, Parida et al. (9)
have demonstrated that the positivity of reactions can be de-
termined by the naked eye. This new approach further elimi-
nates the need of gel electrophoresis and increases the feasi-
bility of using LAMP for field applications.
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